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Abstract

We performed a cross-sectional study to determine associations between cogni-

tion and MRI-derived brain outcomes, with obesity, diabetes duration, and

metabolic risk factors in 51 Pima American Indians with longstanding type 2

diabetes (T2d) (mean [SD] age: 48.4 [11.3] years, T2d duration: 20.1 [9.1]

years). Participants had similar cognition (NIH Toolbox Cognition Battery

composite: 45.3 [9.8], p = 0.64, n = 51) compared to normative data. T2d

duration, but not other metabolic risk factors, associated with decreased cortical

thickness (Point Estimate (PE): �0.0061, 95%CI: �0.0113, �0.0009, n = 45),

gray matter volume (PE: �830.39, 95%CI: �1503.14, �157.64, n = 45), and

increased white matter hyperintensity volume (PE: 0.0389, 95%CI: 0.0049,

0.0729, n = 45).

Introduction

Dementia is a global epidemic with 57 million estimated

worldwide cases in 2019, a number expected to increase

to 152 million by 2050.1 This increase may be partly

attributed to the increasing worldwide prevalence of type

2 diabetes (T2d) and obesity,2,3 as meta-analyses suggest

diabetes and midlife obesity associate with cognitive

impairment and dementia.4,5 Furthermore, our recent

large, nationally representative study found diabetes com-

plications associated with cognitive disorders.6

Pima American Indians have a higher prevalence of

T2d with an earlier onset than individuals with T2d in

the general population.7 Pima American Indians also have

a higher prevalence of neuropathy, obesity, and hypercho-

lesterolemia, as well as a higher incidence of chronic

kidney disease (CKD).8–11 Despite the early onset of T2d,

and presence of both metabolic risk factors and diabetes

complications, the effect on cognition, and functional/

structural brain metrics has not been assessed in this

population.

Additional evidence is needed to determine whether

sensitive measurements of cognition and functional/struc-

tural brain metrics earlier in the lifespan associate with

T2d, obesity, and other metabolic risk factors, particularly

in a cohort with longstanding T2d. We determined the

association between cognition and functional/structural

brain metrics with T2d duration, obesity, other metabolic

risk factors, neuropathy, cardiovascular autonomic neu-

ropathy (CAN), and CKD in a cohort of Pima American

Indians with longstanding T2d.

Methods

Population and recruitment

From 21 November 2017 to 2 July 2019, 51 Pima Ameri-

can Indians with T2d from the Gila River Community
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underwent metabolic phenotyping and cognitive assess-

ments, with 45 also completing functional/structural MRI

sequences. Inclusion/exclusion criteria were as previously

described.11

Cognition

The primary cognition measure was the NIH Toolbox Cog-

nition Battery (NIHTB-CB) fluid composite score, which

aggregates five tests: flanker inhibitory control and atten-

tion (attention/executive function), picture sequence mem-

ory (episodic memory), list sorting (working memory),

pattern comparison (processing speed), and dimensional

change card sort (executive function). Secondary cognition

measures included the above individual tests, picture

vocabulary test (language) and oral reading recognition test

(language). NIHTB-CB outcomes were summarized as t-

scores with a mean = 50 and standard deviation (SD) = 10

based on participant age, sex, race, and education level.

Functional/structural brain metrics

Acquired MRIs (Supplemental File) were analyzed by Free-

Surfer software to measure brain morphometrics including

white and gray matter volumes (unit = mm3), cortical thick-

ness (unit = mm),12 and volume of white matter hyperinten-

sities (WMH, unit = mm3) across 10 regions according to a

previously published protocol.13 Head motion, eddy current

distortion, Gibbs ringing, and Rician bias of the diffusion

scans were corrected before fitting of the diffusion tensors as

previously described.14 We calculated the global weighted

average mean diffusivity(unit = mm2/s, higher in regions of

tissue/membrane breakdown) and fractional anisotropy

(range 0–1, marker of white matter microstructure coherence

and/or myelination) across 115 regions (mean value across

regions, weighted by number of voxels per region). Lastly,

arterial spin labelling was performed, and the median cere-

bral blood flow (unit = mL/min/100 g of tissue) was aver-

aged across 22 regions, as previously described.15

Metabolic phenotyping

Height, weight, blood pressure, HbA1c, and a lipid panel were

measured after overnight fasting. Diabetes onset was based on

serial glucose tolerance testing and review of clinical records.

Diabetes complications

Neuropathy was evaluated by the Michigan Neuropathy

Screening Instrument (MNSI) combined index, CAN by

the expiration/inspiration (E/I) ratio, and CKD by the

glomerular filtration rate (GFR) (unit = mL/min), mea-

sured by the urinary clearance of iothalamate.

Statistical analysis

Descriptive statistics characterized the study population.

Z-tests compared NIHTB-CB outcomes to demographic-

adjusted normative data (mean = 50, SD = 10). Two-

sample t-tests compared outcomes between participants

with and without obesity. Pearson’s correlation coeffi-

cients determined correlation between T2d duration and

each outcome. Multivariable linear regression models

were fit for each outcome separately to determine associa-

tions to individual metabolic risk factors. Models for

functional/structural brain outcomes adjusted for the esti-

mated total intracranial volume. Study outcomes included

the NIHTB-CB composite score, white matter volume,

cortical thickness, gray matter volume, subcortical gray

matter volume, total WMH volume, mean diffusivity,

fractional anisotropy, and median cerebral blood flow.

Given the number of outcomes, analyses were explor-

atory, and considered hypothesis-generating.

Results

For all 51 participants, mean (SD) age was 48.4 (11.3)

years, mean (SD) T2d duration was 20.1 (9.1) years,

74.5% were obese, and 74.5% were female (Table 1).

Primary (Composite Score: 45.3 (9.8), p = 0.64) and

secondary NIHTB-CB cognition outcomes did not signifi-

cantly differ from demographic-adjusted normative data

(Table 2). Participants had lowest cognitive scores on

attention and executive functioning assessments (Flanker

Test: 40.0 (6.3), p = 0.32). Cognition did not significantly

differ between participants with and without obesity

Table 1. Demographic information and metabolic risk factors of

study participants.

Variable Mean (SD) or n (%) (n = 51)

Age (years) 48.4 (11.3)

Sex (Female) 38 (74.5%)

T2d duration (years) 20.1 (9.1)

Height (cm) 163.9 (8.7)

Weight (kg) 93.9 (22.8)

BMI (kg/m2) 34.9 (7.7)

Systolic blood pressure (mmHg) 119 (17)

Diastolic blood pressure (mmHg) 72 (9)

HbA1c (%) 9.6 (2.3)

Triglycerides (mg/dL) 166 (111)

HDL (mg/dL) 42 (10)

LDL (mg/dL) 78 (41)

Total cholesterol (mg/dL) 151 (52)

Receiving medication for hypertension 30 (58.8%)

Analyses were completed using R.v.4.1.1.

BMI, body mass index; HbA1c, hemoglobin A1c; HDL, high-density

lipoproteins; LDL, low-density lipoproteins.
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(p > 0.05). Longer T2d duration associated with poorer

demographic-adjusted scores on the picture sequence

memory test (r = �0.29, p = 0.04), but not with any

other NIHTB-CB outcomes.

Participants with obesity had higher fractional anisot-

ropy (highly directional white matter microstructure)

compared to individuals without obesity (p = 0.03). T2d

duration correlated with smaller gray matter (r = �0.32,

p = 0.03) and subcortical gray matter volumes (r = �0.39,

p = 0.01) (Figure 1).

Regression revealed that longer T2d duration associated

with smaller mean cortical thickness, gray matter volume,

subcortical gray matter volume, and larger WMH volume,

adjusted for total intracranial volume (Table 3). Addition-

ally, higher systolic blood pressure associated with

increased mean diffusivity.

Figure 1. Correlation between T2d duration and diabetes complications with MRI-derived structural and functional morphology. Fitted line

represents results from a univariate linear regression model. Shaded area represents 95% confidence interval for predictions from the univariate

linear regression model. E/I ratio, expiration/inspiration ratio; GFR, glomerular filtration rate; p, p-value from Pearson’s correlation coefficient; r,

Pearson’s correlation coefficient; vol., volume; WMH, white matter hyperintensities.

1894 ª 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.

This article has been contributed to by U.S. Government employees and their work is in the public domain in the USA.

Metabolic Risk Factors of Brain Health Outcomes E. L. Reynolds et al.



T
a
b
le

3
.
A
ss
o
ci
at
io
n
b
et
w
ee
n
co
g
n
it
io
n
,
M
R
I-
d
er
iv
ed

st
ru
ct
u
ra
l
an

d
fu
n
ct
io
n
al

m
o
rp
h
o
lo
g
y,

m
et
ab

o
lic

ri
sk

fa
ct
o
rs

an
d
m
ic
ro
va
sc
u
la
r
d
ia
b
et
es

co
m
p
lic
at
io
n
s.

V
ar
ia
b
le

N
IH

to
o
lb
o
x

co
m
p
o
si
te

W
h
it
e
m
at
te
r
vo
lu
m
e

(u
n
it
=
m
m

3
)

M
ea
n
co
rt
ic
al

th
ic
kn

es
s
(u
n
it
=
m
m
)

G
ra
y
m
at
te
r

vo
lu
m
e

(u
n
it
=
m
m

3
)

Su
b
co
rt
ic
al

g
ra
y

m
at
te
r
vo
lu
m
e

(u
n
it
=
m
m

3
)

Lo
g
(t
o
ta
l
w
h
it
e
m
at
te
r

h
yp
er
in
te
n
si
ti
es

vo
lu
m
e)

(u
n
it
=
m
m

3
)

1
0
0
0
*
g
lo
b
al

fr
ac
ti
o
n
al

an
is
o
tr
o
p
y

1
,0
0
0
,0
0
0
*
g
lo
b
al

m
ea
n
d
if
fu
si
vi
ty

(u
n
it
=
m
m

2
/s
)

1
0
0
0
*
m
ed

ia
n

ce
re
b
ra
l
b
lo
o
d
fl
o
w

(u
n
it
=
m
L
o
f
b
lo
o
d

p
er

m
in
u
te

p
er

1
0
0
g
o
f
b
ra
in

ti
ss
u
e)

PE
(9
5
%

C
I)

PE
(9
5
%

C
I)

PE
(9
5
%

C
I)

PE
(9
5
%

C
I)

PE
(9
5
%

C
I)

PE
(9
5
%

C
I)

PE
(9
5
%

C
I)

PE
(9
5
%

C
I)

PE
(9
5
%

C
I)

M
et
ab

o
lic

ri
sk

fa
ct
o
rs

T2
d
d
u
ra
ti
o
n

st
u
d
y
en

tr
y

(y
ea
rs
)

�0
.0
1

(�
0
.3
2
,
0
.3
)

4
6
.4
9

(�
5
7
6
.4
1
,
6
6
9
.3
8
)

�0
.0
0
6
1

(�
0
.0
1
1
3
,

�0
.0
0
0
9
)*

�8
3
0
.3
9

(�
1
5
0
3
.1
4
,

�1
5
7
.6
4
)*

�1
2
3
.8
8

(�
2
0
3
.8
8
,

�4
3
.8
9
)*

0
.0
3
8
9

(0
.0
0
4
9
,
0
.0
7
2
9
)*

�0
.4
2

(�
1
,
0
.1
7
)

0
.6

(�
0
.1
5
,
1
.3
4
)

�4
.3
2
(�

9
.3
6
,
0
.7
2
)

B
M
I
(k
g
/m

2
)

0
.1
6

(�
0
.2
1
,
0
.5
3
)

6
5
.7
4

(�
6
8
9
.0
9
,
8
2
0
.5
8
)

�0
.0
0
2
5

(�
0
.0
0
9
1
,
0
.0
0
4
2
)

�6
1
4
.4
9

(�
1
4
6
6
.7
6
,

2
3
7
.7
8
)

5
4
.5
4

(�
5
1
.7
4
,
1
6
0
.8
2
)

�0
.0
3
5
5

(�
0
.0
7
7
9
,
0
.0
0
6
8
)

0
.5
7

(�
0
.1
3
,
1
.2
7
)

�0
.3
7
(�

1
.2
9
,
0
.5
4
)

�0
.3
7
(�

6
.3
,
5
.5
6
)

N
u
m
b
er

o
f
M
et
S

(in
ad

d
it
io
n
to

d
ia
b
et
es
)

0
.5
5 (�
2
.1
5
,
3
.2
5
)

1
0
5
2
.3
7

(�
4
2
1
2
.5
6
,

6
3
1
7
.3
1
)

�0
.0
2
(�

0
.0
6
6
4
,

0
.0
2
6
3
)

�5
6
6
3
.7

(�
1
1
,5
0
5
.3
4
,

1
7
7
.9
4
)

8
2
.7
2

(�
6
6
8
.7
2
,
8
3
4
.1
6
)

�0
.1
1
1
3

(�
0
.4
1
5
1
,
0
.1
9
2
4
)

1
.5
3

(�
3
.5
7
,
6
.6
3
)

�0
.4
2
(�

6
.9
7
,
6
.1
3
)

9
.7
7
(�

3
4
.5
2
,
5
4
.0
5
)

SB
P
(m

m
H
g
)

�0
.1

(�
0
.2
7
,
0
.0
7
)

�1
6
.0
1

(�
4
1
3
.2
2
,
3
8
1
.2
)

�0
.0
0
1
2

(�
0
.0
0
4
7
,
0
.0
0
2
3
)

0
.0
0
0
4

(�
0
.0
2
2
6
,
0
.0
2
3
4
)

�0
.3
2

(�
0
.6
9
,
0
.0
5
)

0
.6
1
(0
.1
7
,
1
.0
6
)*

�1
.7
9
(�

4
.8
6
,
1
.2
9
)

H
b
A
1
c
(%

)
�0

.5
4

(�
1
.7
5
,
0
.6
7
)

1
0
8
6
.9
8

(�
1
3
0
5
.5
6
,

3
4
7
9
.5
3
)

�0
.0
0
3
3

(�
0
.0
2
4
7
,
0
.0
1
8
1
)

�1
1
8
4
.7
6

(�
3
9
5
5
.4
7
,

1
5
8
5
.9
5
)

�1
3
4
.6
8

(�
4
7
6
.5
3
,
2
0
7
.1
7
)

0
.0
5
1
7

(�
0
.0
8
7
4
,
0
.1
9
0
8
)

�1
.0
8

(�
3
.3
7
,
1
.2
1
)

0
.3
2
(�

2
.6
5
,
3
.2
8
)

1
6
.5
5
(�

2
.0
4
,
3
5
.1
5
)

Tr
ig
ly
ce
ri
d
es

(m
g
/

d
L)

0
(�

0
.0
3
,
0
.0
2
)

2
1
.3
8

(�
2
8
.3
5
,
7
1
.1
1
)

�0
.0
0
0
1

(�
0
.0
0
0
5
,
0
.0
0
0
4
)

�1
9
.0
7

(�
7
6
.8
,

3
8
.6
6
)

0
.3
1

(�
6
.8
4
,
7
.4
6
)

0
.0
0
1
6

(�
0
.0
0
1
3
,
0
.0
0
4
5
)

0
(�

0
.0
4
,
0
.0
5
)

0
.0
1
(�

0
.0
5
,
0
.0
7
)

0
.2
3
(�

0
.1
5
,
0
.6
1
)

H
D
L
(m

g
/d
L)

�0
.1
3

(�
0
.4
2
,
0
.1
5
)

�2
8
2
.9
6

(�
8
3
9
.4
2
,
2
7
3
.5
)

0
.0
0
0
1

(�
0
.0
0
4
9
,
0
.0
0
5
1
)

1
8
6
.2
2

(�
4
6
2
.9
,

8
3
5
.3
5
)

2
0
.8
8

(�
5
9
.1
6
,
1
0
0
.9
2
)

�0
.0
0
8
9

(�
0
.0
4
1
5
,
0
.0
2
3
6
)

�0
.1
4

(�
0
.6
8
,
0
.4
)

0
.0
9
(�

0
.6
,
0
.7
8
)

0
.6

(�
4
.3
1
,
5
.5
1
)

M
ic
ro
va
sc
u
la
r
co
m
p
lic
at
io
n
s
o
f
d
ia
b
et
es

M
N
SI

in
d
ex

�0
.6
6

(�
2
.5
5
,
1
.2
3
)

1
6
6
5
.2
2

(�
2
0
8
7
.1
2
,

5
4
1
7
.5
6
)

0
.0
0
7
4

(�
0
.0
2
6
1
,
0
.0
4
0
9
)

�1
1
0
6
.8
1

(�
5
4
7
5
.0
5
,

3
2
6
1
.4
4
)

�2
9
7
.2
8

(�
8
2
9
.2
1
,
2
3
4
.6
4
)

0
.2
0
3

(�
0
.0
0
7
3
,
0
.4
1
3
2
)

2
.0
7

(�
1
.7
1
,
5
.8
5
)

�0
.3
7
(�

5
.2
8
,
4
.5
4
)

7
.1
9
(�

2
3
.5
9
,
3
7
.9
8
)

E/
I
ra
ti
o

(u
n
it
=
0
.0
5
)

0
.1
4

(�
1
.1
9
,
1
.4
6
)

1
7
5
.7
1

(�
2
3
5
7
.8
7
,
2
7
0
9
.3
)

0
.0
0
7
9

(�
0
.0
1
4
4
,
0
.0
3
0
3
)

2
2
6
2
.7
2

(�
5
8
2
.7
8
,

5
1
0
8
.2
3
)*

3
8
3
.9
6
(4
3
.1
1
,

7
2
4
.8
)*

�0
.1
6
3
7

(�
0
.3
0
1
4
,
�0

.0
2
5
9
)

0
.5
8

(�
1
.8
2
,
2
.9
8
)

�2
.9
1
(�

5
.8
4
,
0
.0
2
)

�1
.1
8
(�

2
0
.6
8
,

1
8
.3
1
)

G
FR

0
.0
2

(�
0
.0
4
,
0
.0
8
)

2
4
.0
6

(�
1
0
4
.2
8
,
1
5
2
.3
9
)

�0
.0
0
0
3

(�
0
.0
0
1
4
,
0
.0
0
0
9
)

�2
7
.2
2

(�
1
7
5
.6
9
,

1
2
1
.2
5
)*

2
1
.9
7

(4
.9
7
,
3
8
.9
7
)*

�0
.0
0
8
2

(�
0
.0
1
5
2
,
�0

.0
0
1
2
)

0
.0
3

(�
0
.1
,
0
.1
5
)

�0
.0
6
(�

0
.2
3
,
0
.1
)

1
.1
2
(0
.1
,
2
.1
4
)*

Ea
ch

ro
w

re
p
re
se
n
ts

a
si
n
g
le

m
o
d
el
.
N
IH
TB

-C
B
is

st
an

d
ar
d
iz
ed

b
as
ed

o
n
p
ar
ti
ci
p
an

t
ag

e,
se
x,

ra
ce
,
an

d
ed

u
ca
ti
o
n
le
ve
l.
M
R
I-
d
er
iv
ed

fu
n
ct
io
n
al
/s
tr
u
ct
u
ra
l
b
ra
in

m
et
ri
c
m
o
d
el
s
ad

ju
st
ed

fo
r
es
ti
-

m
at
ed

to
ta
l
in
tr
ac
ra
n
ia
l
vo
lu
m
e.

W
e
d
et
er
m
in
ed

th
e
n
u
m
b
er

o
f
m
et
ab

o
lic

sy
n
d
ro
m
e
co
m
p
o
n
en

ts
u
si
n
g
th
e
2
0
0
9
h
ar
m
o
n
iz
ed

cr
it
er
ia
.
A
va
ila
b
le

ca
se

an
al
ys
is
w
as

u
se
d
to

m
an

ag
e
m
is
si
n
g
va
lu
es
.

A
n
al
ys
es

w
er
e
co
m
p
le
te
d
u
si
n
g
R
.v
.4
.1
.1
.

B
M
I,
b
o
d
y
m
as
s
in
d
ex
;
C
I,
co
n
fi
d
en

ce
in
te
rv
al
;
E/
I
ra
ti
o
,
ex
p
ir
at
io
n
/in

sp
ir
at
io
n

ra
ti
o
;
G
FR
,
g
lo
m
er
u
la
r
fi
lt
ra
ti
o
n

ra
te
;
H
b
A
1
c,

h
em

o
g
lo
b
in

A
1
c;

H
D
L,

h
ig
h

d
en

si
ty

lip
o
p
ro
te
in
s;

M
et
S,

m
et
ab

o
lic

sy
n
d
ro
m
e;

M
N
SI
,
M
ic
h
ig
an

N
eu

ro
p
at
h
y
Sc
re
en

in
g
In
st
ru
m
en

t;
PE
,
p
o
in
t
es
ti
m
at
e;

SB
P,

sy
st
o
lic

b
lo
o
d
p
re
ss
u
re
.

*I
n
d
ic
at
es

st
at
is
ti
ca
l
si
g
n
ifi
ca
n
ce

(p
<
0
.0
5
)
b
as
ed

o
n
a
tw

o
-s
id
ed

p
-v
al
u
e.

ª 2023 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association.
This article has been contributed to by U.S. Government employees and their work is in the public domain in the USA.

1895

E. L. Reynolds et al. Metabolic Risk Factors of Brain Health Outcomes



Lower E/I ratio and GFR associated with decreased sub-

cortical gray matter volume and increased WMH (Table 3).

Higher GFR is also associated with increased cerebral blood

flow. Neuropathy did not associate with any outcome.

Discussion

We found that cognition in a middle-aged cohort of Pima

American Indians with longstanding T2d did not differ

significantly compared to demographic-adjusted norma-

tive data. We found that T2d duration associated with

decreased mean cortical thickness, gray matter volumes,

and increased WMH. Otherwise, other metabolic risk fac-

tors, including obesity, did not consistently associate with

cognition or MRI-derived functional/structural brain out-

comes. Lastly, we found that CAN and CKD, but not

neuropathy, associated with decreased gray matter volume

and increased WMH volume, indicating a potential corre-

lation to cognitive disorders.

Meta-analyses have found an increased risk of cognitive

decline and dementia for individuals with diabetes and

midlife obesity across multiple diverse populations.4,5

However, we found that only T2d duration associated

with impaired functional/structural brain metrics, suggest-

ing obesity has secondary importance in this population

with longstanding diabetes. This contrasts with our previ-

ous study of patients with obesity class II/III (mean (SD)

age: 44.1 (12.1) years) which found obesity, not T2d,

associated with poorer cognition, as measured by the

NIHTB-CB.16 The observed associations in the Pima

American Indians, are comparable to studies comprised

of older adults (mean ages: 65.017 and 69.618 years),

which found that obesity was less of a risk factor than

T2d for cognitive impairment.17,18 Therefore, one possible

explanation for findings in the present study is that Pima

American Indians had longer T2d duration at a given age

than other race/ethnic groups, possibly amplifying the

effect of T2d as a risk factor for cognition relative to obe-

sity. On the other hand, a recent longitudinal study of

403 American Indians found neither BMI or T2d associ-

ated with change in cognitive function over a 7-year

period, suggesting these factors might have less impor-

tance in this population.19 Currently, the underlying

mechanisms linking cognition with both T2d, and obesity

are not well understood. However, results from studies

that measured the relative effects of obesity and T2d on

cognitive impairment,17,18 along with the results from the

present study indicate that although obesity and T2d are

often comorbid, there are likely independent underlying

pathophysiologic mechanisms linking these risk factors

with cognition.

We found that CAN and CKD measures associated

with smaller gray matter volumes and increased WMH,

consistent with our recent study based on a large cohort

of individuals with and without T2d, which found that

diabetes complications increased the odds of a cognitive

disorder by 2.45 in those aged 40–60 years.6 Our results

are also consistent with a systematic review that found

cognitive impairment was common in individuals with

CKD,20 although in a separate study of American Indians

of the Zuni Pueblo, CKD measurements did not associate

with cognition.21 Furthermore, a single study found heart

rate variability CAN outcomes, associated with

cognition.22 In contrast, we were surprised neuropathy

did not associate with cognitive function, despite a previ-

ously documented relationship,6 possibly from a lack of

statistical power in the present study. The underlying

mechanisms dictating the relationship between cognitive

impairment, CAN, and CKD remains unknown. Poorer

CAN/CKD might directly impair or alternatively be

comorbid with functional/structural brain metrics.

Regardless of underlying mechanisms, our study indicates

that preventing CAN and CKD in individuals with T2d

might exert beneficial brain health consequences. There-

fore, our study highlights the importance of screening

CAN and/or CKD patients for early signs of cognitive

impairment or dementia.

Our study limitations include small sample size, lack of

control group without diabetes, cross-sectional design,

and unclear generalizability to other populations.

In this relatively small cohort of Pima American

Indians with T2d, we found diabetes duration, but not

obesity or other metabolic risk factors, associated with

poorer cognition, smaller mean cortical thickness, and

gray matter volumes, and higher WMH. Additionally,

CAN and CKD correlated with worse functional/struc-

tural brain metrics, indicating the importance of prevent-

ing these complications for patients with T2d. In

conclusion, our study highlights the importance of

screening for cognitive disorders in individuals with long-

standing T2d, particularly individuals with CAN and

CKD, to provide the best care for patients with these

debilitating conditions.
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